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*-a*'8- > #-g-«fl7], *^*7l, JL<lM±fl 

£i£ £ 1^21 «y^A] c^|ofl 4= j^o| ^ o. s ^ ± 3i°H ^■fr'S-i- «l-8-«r % ^°J^1- 

^2] 

£2£r £ ^Sj °Ja)a] ojofl 4s. 4^3 qqfts. qs. ja*}^ 31«M #3-B- n cM- °l-§-$ % 3°j7 r 

*«■ * #*H£SB21 4l A ^E£4fe £ of off 4^ ^ o-ig-o] 

5L5fe ^2fl2] I7l| Sj ^-frS ^S-fr-tfSl ^£££6* f^2] 4* ^1 «fl*> 3*1 S<?H± 6 ,S2l a** 

$ns. < £^£1 tA J?-*ofl cK« ^ > 100 *1H^± 102 *0l#2*7hO3 *l2*3*7l 106 *W-¥-107 « 

108 #€l09 #£«H7l 110 #^^]<H-¥-120 2J aj*H-¥- 200 #^-8- D <J-202 ^l^lcfl 210, 211, 212 #3-8-214 jL 

£ ^-fr 4^ #3-fr» ^H°J ^^iS T'-Stt # ^°dA> A^efloll 

S, ^Wl^r i^Sj O-Jg. 2)2-^ ^-Aj o. Tg. 0.^^-0.^ 3g-AJo.nJ.oJ 3)3.^ ^.ol^Tfl t <r 5Ui°l, *r 

* ^°J4 ?W ^ 6 3€- #3-8-* <WH 3«U ^ ^°J A l£* #t*Rr 2£S. ^tfls) # 
%\ f-°fl 11*1 3<H ^°J^S^o] a] Aj ai = 0. a-a) 0.3. $4. o)e|« aJa^ ^7)|°1€* 1# 

t^r SU. #3-8-# *sfl <*Fo€ =rtf* *r W) Sa4. 

^E}) ^|^ol] £}•-§- S]JL oj fe cUS^oj ^l 7W o.^ 6] 7 )#£ ^ A.5flj# (Optical speckle)* «>l-§-*W ^±S] ^o] 
»8-^. **-SlS 0 J?}- ^^21 *\\7)°) ^^°J •aSj-t H o v ^, %-£S.$ ^^^(Back 

scattering)* «>l-g-*r«H ^*2) ^el^joj ^-g-# #^S>fe ^0} oj 0.4 Afl ^-f £ ^ j2.S#«>l 

% °)-§-*>^ ^ 6 d^« Tj-^l#fe ^liSS* ; |-ilJ:7f ^^3r(continuous wave) ^eUs. 4#££ ^-fr 

## *H ^^Slfe *°vi 2)-¥- •a^°fl 2l*)l 4^ II ?HI (Multipath interference) 0 ! ^*§*}t? cfl, olf- 4^S.H 

#3-8-2] £#o,H %^!J:21 9J^-« a>4*Vji, ^=r€ ^±21 ^|7l# #^^H 

^£14, o] ai a, e j^ ^oj4ofl o,^ ^ajoi ^^-v# #*1*1-hs. ^^21 ^sl- ^, 4%, , f-ofl °1^4 

cf€ # ^°jAf #x| ^•°-°il #^±7V nfl #Aj ^oflA-1 ^a|4^. ^Al^o] ^^^(Backscatter 

ing)* ol*«rfe- a o V, a o l 5a=r. °l B o-'3-Sr *i ^EflS ^A]3:7V nfl, ««| 3j «fl * ^^SH 2ll-^£b 

4^* Sfe-cr. ae-14, °1 •S-'S* 11 ^4 A]^e|7} ^^<r^ 4€- £S# 0 1 ^cflalia 
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# % 1o J4 7 rW u o v ^Sl 44 e| £ ^ #Aj °_o] ? (bending) 1# *1 oft ^xgs]^ # ^ o. 7^]^ u^o] o^, 

* D o v 2] ^ W a A 3°J4 #*1 SU<H-H 7l«S| 7] #1-1- ±7p^, £ 5 51 £ 6°H £*)€ cfl53|°l °f| 

°14. 



£ 5fe U.S Pat. No.5,592,1495. 4«H f-4€ 3^4 4*1 ^l± e j£] t 1 ^* li^fe- :2^°14. A o v 7l U.S. 

Pat. No. 5,592,14931 tk 7 r 42) 4£ S*r43 22fe ^€ ?2 (interlooped optic 

al wire structure)* 34 Q<Q*]S.«i tflsfl WW >SeU t^7Rl7 r ^ 

cfl2) <^4. a em, #413:3 £4H 7i°i*Kr 4*1ajj:3 ^^-y £sn- 44*Nr 4£1MHS ^i^ijls; -§- 
3°J gaH*r £444*7 #3-§- 7M j* 5U4. £4 4M4, 4143 43*3 4->i# 3*M 3.S.44 43. e)l 
1* 444 444^ cf<a 435))>§ ^fl^H ^tW* 4447ll^£iiL*| 44, 44. 44 43 4<?!44 0 fl 

34 443.3 4Sj-f- 3U4E3. i**M 4*1 A ]^ E -?!3 A*af* 4^4 4 4£ W] 5U4. 



£64 European Pat. No.49.979S. 4*1 44€ ««U4 Ali^-fc 4*344 :i3.2.£4. «:£1MM3- 44471 
* £444 #3AlH4(110;output control box), 444713 413-S.* 5.444 °J 3*fl°14(120;input contro 
1 box), 44 Hi-4(120;mesh structure) 4 3-514*1 (alarm) 4^3^74 44. £5°fl 423 =|j<y4 4*1 

a) if4 4444 S. 443.3 ^2}o] igfl.^ 4£^<»H. £53 «)2*H 443 4^4.5. 4^44 4 A 3 

44 4ol3°l 514. 44, £6°1) °H44 44J44 44114 £53 4444 4^3 Hlatt n|. ^°J44 Jl47f 
*U. 4413.2.5. £434 4£3M3 47 r 444 7MII 53^. £tl £5«>1) £A]^ ^o] f^Eflfi] ^7r^ 

21 2)2:^ ^-n- D oHlAi^ ^U^7> W-i: *W ^ %^*°M 21^* 7}*H S)^ ©, ©, ©, * 

n Tifi] -a-Aftr SSI ^AJ3H- 3#S}71 n|§o]| ^«^o| S| « t-tl±2). t ^ SlTfl £]CH ^oJ^X] Ali^fi] 



4^1, iL4 ^-4*M cfltr n J 7 J-£7> -f^^^H £iL^r* m# ^# 4 s aJ£^, ^3. M\7)$\ 

^ ^ ^5^31 &?§o] % Q*\ Ali|o] QSL^. 

°lf-jl4 S-Rr 7ltr-3 X'-Ki 

€■ t v ^°] i}± 7]^ 4^1^ 4^2| ^-g-frS $2. 2*M^ Sfe ^£S. 2)2:€ ^-n-^* ^*}3L, 

4^2| %Aj c.ofl ^dfAljq %A1^ <yAH?lal, 4^2] ^#71* ^Aj 0.0] ^ o^ofl Z]-Z|- ^ 

^a)^ f-A).^ ^-ajjus] Afl7l« ^ hi jz. *«a}*W % ,0 d°i4t *4*Vfe % ^ 0 d4 ^1 ^li e 5* ^l^*>fe<Hl S14. 

Si ?1 



A o V 7l 7l#3j 4^11- o]^7l ^ 4^fi] ^ cj-^fi, ^. €3 q. ^ a i)7l; AJ-7) ^oJAl ^-Ajj :7 > A^j 

SU, 4^£1 ^r^l^ 22 °M ^2:^ ^-n- D o V ; ^71 ^ o.n> # ^.gfl zj-z). 

^Ajjro, ^§51-^ 4^fi] ^#71; §! Z| ^#71°] ih^ <gA>g W ^ oj ^^-f. «««|^ 2. 

Wl- 4^'£S t>4.Ji4 A oMlsl"7fl ^t\^ t £ ItW Sltb ^71 # ^OJX)- ^Alifl o., o^^^J. jr-f. ^^-8}. 
^€4, A o v 7l #€°fl fl^<H 6 JA>S1^ 4^7H5. €-t«rfe- ^*«ll7lfi>. A o v 7l ^Hfl7lS] 4^S] 

t^^ofl ^^s)«H t^slfe °J4^ 4^51 Si J?- 3«y*J3:« fl« ^^ D o v 4, 

A o V 7l ^■fr'J* ^*rfe 4^21 ^-B-t f-Sfl #AfSl^ *A^* 7j^ fe 7j^7lfiV, ^71 3*713 ^A_>^ 
<H «!■¥■*■ ^t*Vi A o V 7l ^^£1 ^Ajst ^<H*l-fe ^Sf-alf. i%Vs^ ^ ^)^Xr ^AlifloJ floH, AJ-7] % 
^■n-^ ^71 4^2] *^-fr7> 23* ^ JL* r Sl£4 22<^^1 ^ll^-n- « ^2*9*3. t^jL. A o V 7l ^ 

^« a^lSr 4* ^fe 4^7113 jiBl7> ^4^1£S. «i^5l£4 «J4^£3 ^4£)n, A o v 7l 42%^^ 
A J-7l ^li^-a-^1 3«M <94€ jiel* W«l ^ofl-H *H?-s. *FMH ^43. 2*>a)^ai e^M ^71 
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*fli4-94<Hl <i^4 244 cfl-g-s]^ 444 444 244 1144^4 443 4444 2)24 5* 43-2.3. 4 
4. 



44°1H £44 42.44 4 4*34 44 o)g. jicj. 4-4*] 4x3471.5. 44. 



El4 4 4^4 U44 °1H 44 4^4 4443. 42. 3L443 E«M 324 4444* 444 4 3<a4 444 
^ 6 J4 44£4j1. £2£r 4 4^4 444 ^ofl 4= 443 4£ ja444 t^H 4 A 944* 44 

4 * 3°J4 444£ 6 ,§4 a>4431£.44, £3 4 4 #t$sh 44 ^a) oflo)] 44 4-943. 42. a*H* s 

44 42€ 4-944* 444 % 4°J4 444i E J4 4443l£4jl, 4 ^oj <y^ A ) oflofl 44 ^44 

21 42S44. 



£l°fl 4* * $44 44 4^ 6 54 4^4 44(108), 44(108)°fl4 #444 442:* ufl444 44»114 (109), 
44«fl7l (109)* f-Sfl 442* 4444 4 A 944(200)4, 4-944(200)* -f sfl 444 442:* 3*44 4^ 
21 43*4(102. 103) 31 3*4 442.344 $444* 4444 414(107)4 44(108)ofl4 #444 44 
2:21 4141 4144(106)* i444. £H44 44«fl4t- a>-§-4 44°fl7l- £A1S]<H 5* -2.4. %^«U7l cfl 

4°fl 444 44* AV-g-*H^£ 444 44* 4^r 4$44 44 4i3* 4A344 71444.444 (contin 
uous wave)444 42 (modulation) 4 442.* #34rr 444 44 SE4 444 444 44«fl4 (109)5. 44 
4-944] 44 44 £2 £tt £34 44 ^Efl2l 4444* 44(fence)°U 11*1*51, 44(fence)* 4^Hr 4 
24(202) 44 4444°fl 444 *H44 4 444, 442* ^444 4 3*43 4A34 43*4 (414 4^)* 
-8444.^, 47] *1144: A 4100)4 #€(108), 44«fl7l(109), 43*4(102, 103), 414(107)4 *i)44(106) 
* £444 £3443 4442, 44 4 A 944(200)4, £4°fl £44 54 44, 434 444 4* 44 **rA 

21 Jiel (2i4)t ja^£l£4 m&Q ^ i#-9 -fi- (2 ii) « ^l2^-fr(2i2)a t^su, A o v 7l ^ii^-fr 

(211)°n Jl^°11 ^ofl^ «H?-S, «HH-H tf*S. 32^1 ^ll^-n-(211)^l J12121- cfl 

-§-Sl7ll J1E171- *fl2^-n-(212)2k A o v 7l ^l^-fi-(211)t W ^2*^-8- (212) «fl A J"7) ^l2^-fi-(212)» 

A o v 7l ^11^^(211)^1 4=rSl «J43 Q^o] 2)2:^4. °1 =11 A o v 7l *^r«^S Hfll^ ^ll^-n-(211)2) ^ 
l^-g-oflxr A o v 7l ^1^1 cfl (202)71- Aj-ojs)^ 5^. 4^44. t£t!r A o v 7l ^1^-^(211)21- ^l2^-n-(212)7)- 24€ ■¥■ 

t^IS H^^c-11 ol3= ^4jg 7l^olH5 ZL ^£ ^S^4. A o v 7| 4^2] ^*(2ll, 212)fe 

4 440) ^-4Hfl7l(io9)°fl ■a^sl^, Aj-7] ^o.s] 4440]]^ 44 ^#71(102, 103)7} <£%s\o] ^sj«h ^ 
71 214 ^14^ 4x1 Aiif. a> 7) #<i4 ( io7H JiMlTll €4.^714 ^-n-^OO)^ 214 

2] ^<y ^l^lJll- £4°11 £^>1€ 44 ^ll^-n-(211)2l ®, ©, ©21 ^oflA^ 4^4?fl Sin, 014 ^.Alofl ^fl 2 

#-9-^(212)21 (S^oflA-i $<q 44^^^. 4x)47fl ^4. 01 nfl a o v 7) 0_ (2)> (D^oflA-i 4^1 s]^ #a)^o) Afl7l4 ®^ 
°fl^1 7 ^lslb #^1^2) ^171^ 44 4^.711 4^44. 44^1, 214 %'°J^4» 34 ^44t11 414711 slfe 5J«1 
4.^. £5«11 £^14 44 ^4 f^2l 44421 ^-fra 2j24 ^-fr^-Hfe ©. ©, ©. ^-sfl 712) 444 
#2] 44^* ^#44 ^°J4^» 444711 sl*14, 4 41°fl 2)4 4 A d44£ 0. ®, ®42] ^li4^4(2ii)2l 
44± #344 ®42) ^112444(212)21 434* **( 344 ^°J<H4« 444t1I 44. £4 471 ^114-94(2 
11)2) 434* 'A' 4 4n,47l ^12444(212)21 4344 •B'4il44, 44 ^°J<H42) 4f2l qo)q^ A 4, 
B4, A-B4, A+B4^5 4444 414 ^ 44 i3a.44 0)4 4^14 =r ^Tfl 44.44, 2)42) 43^-44 
4-f , 44. 4* f-ofl 214 4442:4 ^°d4°fl 214 4^142.21 4l£ 34 444711 44. 44 ^«B. ^2fl2i 47> 
2)^4 4-9444 4442.4 Afl7l4 444°fl cfl 4 442.21 ^44°fl 44 ^°j7f2l ^«y44» 4444 
=l 442) 4S14*D 4t)17> ^444, 4 4^°fl 214 4444°fl 4=4. 214 43^4°11 44 4442.4 *11i4 A 94 
(211)4 ^1124 A 94(212) 4^I<H1 44S)°S 442. 44 44 444>H 44444. ^ o d4 0 fl 44 4442.4 ^li 
4-94(211)4 *1124 A 94(212)4 444 4 £E4 44 4 5E*r 44 44 ^^4711 41^3*1 ^^^40, 44^1 
cfl4 44^4 D 114 444711 44. 
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£ 2 4 4*| 444* f. 7*44 44** 4*44 4£ JiL^VSfl 7*44 £ 4 4 4* H* 4 43. 4£44 44*4 
* 7444 €4. 4*7H£. - 3 si 4^1 444£r ¥ 444 474 44** 444 7*44 £ 4 2)- 4£ 4 

4£44*4* 7^44. 



* 442) *44* 4*4 44. 444 44 £4 44** *44 444* *4 4^*44 4 4 71-2] 1:51 44 jE4 
4 7*444, 44*444 4*4£ 44 44*444 444^ 443:4 444 £44 4444. * 1^44 4* 
4* 44*4* £ 2, £ 3, 4 £ 421- 44 474 4 A r3*.£. 4^4 47£ 44 4*4. 44* a] Eft 4-f 4 44 
44^*4 444 *°eI4 *444 7*44* 2 ol 444 4444 f.44 ;sl44 ^tb 4*44 44 447* 444 
4. * 1W4* 4444 474 44* ah^ *44* 4*44 44* 4*44 ±34 42.44 44* *4 

4 444*J* 4444 44 44 4** 44 444. £4, 4S-44 444 44 &4S* (environment factor)* 

*o|«\2.s*l, 4^4 ^ 44 44 *4 444 44.2.4* 2444 44 371 444 «. s>7 |. 4444 (2 oo)4 aj. 

*44 44*44 444 44 4££ 4*4£* 4£3-4 £4iL** *4 * 44. 



44 444(107)* 43.44 44.2- j7b)*v 7*^4* £*4££4, ^4£44 44 44 44 4± 

44 4 4£ (sensitivity)* £44 * 4£* 44. °H 444 44* 4444 *4*r4 44 444(106)* *4 

44444 s4* *444, 4* *4 44 4:444 4-* 444* £444 *4. 444, 44(108)4 »-a-fh"S- 
(200)* 44 444 4* *44tt 444 44££4 4*££ #4-8-7* 4444. 

444 3:4 



a. $341 4^o| M o. f £4401 #3 o S 2jifo|i 44 4444 44£« *4* ^4^ 4* * Si 4. 

44*44* 4421 44*44 #44* #43:21 ^714 c-i*<H 442] #4-8-°fl4 #4€ 4-45.2) ^ 7 l 
»l-8-*H ^421 4i^2l ^4* ^r^sl-SS.^, 444£21 4t2l 44^* % t 4^1 ? a 1^4 4M4 4-f S 44°14 
4^4^1-Hl 214 44=4 21-f- $4 4^1 4* 7*4-4* ^q^s. #<>144 44 4^1 4^42) 44£(se 
nsitivity)* S4 «• ^ 4^ H4# 4* ^ 44. ^4ji, 4 7>44 44-fi-i 44°1 a i4t 4-f , 4^ 44 4£*)1 
cfl4 4t 444^- 44i 4oW4 4°14 44*^ 44 4^4£S. 44 4±4 *4°1 7>444. 44, £ 4-44 
44*4* 4el44 44* 4 £4 4*. 4^4 44*°fl 44 *44°1 7>sfl44 4 7*44 44*S 4^4 ^2 

(interlooped optical wire structure)^. ^44 44*44 4* ^4 -f 'rtt 44 ^^* 4^.4 «r ^4. 



(57) 4 -74 44 
l. 

44 

2. 



444 445* £^Hr 444, 4^1 444 444<H 444^ 44±* 4=r7fls. 4-44^ 44444, 44 44- 
444 4^4 444 #444 4444 1-44^ 44s.* 4444 444 44*£ 4s€ 4-¥- 444s.* i!!4 
44 44 44*44. 44 44*4* 744* 474 44** *4 *44* *44* 4*4* 4*44, 44 
4*44 *3* 4444 444** 444ai 44 444 44 i* 444* 4<=*4* £44* 4 44^> 44 
4 ±44 444, 



44 44*4* 44 4*4 44*7* il4* 4444 4s jh44£* 244 4i44* 4 4244*£ *44il. 
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A <M ^ltf^-frfe <&W£ m #t ^^flSl 3.^7} <a^a] o.s £43.2.5. ^SU, tf7l ^12^- 

-H A o v 7l *H3-g-fMI ^€ neisj- tfl-§-£|^ 4^3 <S4€ jie]7f ^£)5E4 £4 3.2.3. $43<H 323 5* 4 
32.3 # ^°J^ *MA]£fl. 



3*11 

3?* 4. 
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